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(57) The invention in one embodiment comprises 
a pair of identical high energy permanent mag- 
net dipoles mounted on parallel rotatable 
shafts. The magnetic dipoles lie in a plane 
perpendicular to the rotatable shafts, and the 
shafts are coupled to a drive motor for rotation 
in opposite directions. The magnetic dipoles 
gives rise to a resultant field which is the sum of 
the fields due to the individual dipole magnetic 
moments. With the dipoles aligned, a field hav- 
ing only a longitudinal component is generated, 
"longitudinal" being defined as being along 
the direction of initial alignment The longitudi- 
nal components of the two dipoles add, being in 
the same direction, while the transverse (i.e. 
perpendicular to the longitudinal direction) 
components of the dipole cancel, as they point 
in opposite directions. In the region of space 
adjacent to the longitudinally defined direction, 
the longitudinally oriented field components 
still add, and the transverse components sub- 
stantially, if not completely, cancel. As the mag- 
netic dipoles counter rotate, the longitudinal 
components of the dipoles continue to add 
while the transverse components continue to 
subtract, giving rise to a uniaxial, sinusoidally 
varying magnetic field with a frequency equal to 
the rotational frequency of the dipoles. A sec- 
ond embodiment discloses the use of two pairs 
of counter rotating dipoles configured to gener- 
ate a uniaxial, sinusoidally varying magnetic 
field. Also disclosed is the use of this alternating 
uniaxial magnetic field source in a system for 
the detection of currency or other magnetic 
material. 
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BACKGROUND OF THE INVENTION 

Field of the Invention 

This invention relates to a magnetic field source 
for use in a currency detector, and more particularly 
to an alternating magnetic field source. 

Description Relative to the Prior Art 

The sensing of the magnetic ink used in currency 
for the detection of counterfeit bills is known in the art. 
Examples may be found in U.S. Patent 4,458,143 is- 
sued in the name of Gitlis, U.S. Patent 4,114,804 is- 
sued in the names of Jones and Sherman, and 
U.S. Patent 4,764,725 in the name of Bryce. Similarly, 
apparatus for reading magnetic ink characters on 
checks has also previously been disclosed, as may be 
found in U.S. Patent 4,668,913 issued in the name of 
Vinal. 

The above prior art is characterized by a single 
bill or check passing in close proximity or in actual 
contact with a magnetic ink detection apparatus. 
There exists the need, however, for a magnetic ink de- 
tector that is neither in contact with a detector nor im- 
mediately adjacent to it but that is responsive to the 
magnetic field associated with a stack of currency. 
This need to respond to the magneticf ield of currency 
arises for purposes such as detection of stacked cur- 
rency hidden in luggage or in seated opaque pack- 
ages. The requirement mandates a detector that is re- 
sponsive to magnetic material yet may be as far as 4 
to 5 inches away from the package containing curren- 
cy. 

In detecting the presence of a stack of unobserv- 
able currency, it is necessary that the detector distin- 
guish the money from other magnetic objects that 
may be in the package. A unique signature for a stack 
of currency may be deduced from the coercivity of the 
magnetic material comprising the magnetic ink. The 
detection of this unique signature necessitates meas- 
uring the hysteresis loop of the magnetic media of the 
currency. This measurement then allows the determi- 
nation of the coercivity of the magnetic media. 

As is known in the art, measurement of the hys- 
teresis loop of a magnetic material requires the appli- 
cation of a uniaxial alternating magnetic field to the 
material. Such fields may be generated by means of 
an AC current through a coil, as taught for example 
in U.S. Patent 3,359,495. In practice, the magnitude 
of the field necessary for measuring the coercivity of 
a stack of currency not in contact with the coil would 
generally require, a large, heavy coil consuming a 
large amount of ac power. Such a heavy, high power 
coil would be inconvenient and burdensome to use as 
a hand held unit. However, the need has been felt to 
make available a magneticf ield generating apparatus 
as well as a currency field detector which can be im- 
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plemented as a hand held unit. 
Summary of the Invention 

5 The invention in its simplest embodiment com- 

prises a pair of identical permanent high energy mag- 
net dipoles mounted on parallel rotatable shafts with 
their magnetic moments initially aligned in the same 
direction. As will be discussed below, additional mag- 
to netic dipoles can be added to increase the resultant 
magnetic field. In the case of the pair of dipoles, the 
axes of magnetic dipoles lie in a plane perpendicular 
to the rotatable shafts, and the shafts are coupled to 
a drive motor for rotation in opposite directions. The 

is magnetic dipoles give rise to a resultant field which is 
the sum of the fields due to the individual dipole mag- 
netic moments. With the dipole moments aligned and 
pointing in the same direction along the line connect- 
ing the centers of the dipoles, the field along that line 

20 has only a "longitudinal" component. For purposes of 
this Specification, "longitudinal" is defined as being 
along the direction of initial alignment, i.e., along the 
line connecting the center of the dipoles. The longitu- 
dinal components of each of the two dipoles add, be- 

25 ing in the same direction, while the transverse (i.e. 
perpendicular to the longitudinal direction) compo- 
nents of the dipoles cancel, as they point in opposite 
directions. In the region of space adjacent to the line 
connecting the centers of the dipoles, the longitudinal 

30 components still add, and the transverse components 
substantially, if not completely, cancel. As the mag- 
netic dipoles counter rotate, the longitudinal compo- 
nents of the dipoles continue to add while the trans- 
verse components continue to subtract. At fixed 

35 points in space along the line connecting the centers 
of the dipoles, the vector sum of the dipole fields is 
substantially a uniaxial sinusoidally varying magnetic 
field lying along the longitudinal direction. 

As stated above, the preferred structure is con- 

40 figured for use in a hand held currency detector, and 
it will be appreciated that as the two magnet dipole 
assemblies and their associated drive elements are 
mechanically balanced and are counter rotating, 
there are no gyroscopic forces resulting from the in- 

45 ertia of the dipole assemblies to be overcome by the 
user manually sweeping the unit past the package or 
suitcase under inspection. 

When utilized in a system for the detection of cur- 
rency or of other magnetic material, the alternating 

so uniaxial magnetic field generated by the dipoles is ap- 
plied to the material under surveillance. Using suit- 
able magnetic field detectors, the system detects and 
measures the magnetic hysteresis loop of the curren- 
cy or other magnetic material being surveyed. When 

55 compared to the known hysteresis loop of currency or 
other material under surveillance, the detector deter- 
mines whether the detected hysteresis loop "match- 
es" the known hysteresis loop of currency or the other 
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material. A °match° indicates the presence of curren- 
cy or other magnetic materia) being surveyed where- 
as the lack of a match indicates the absence of cur- 
rency or other material under surveillance. 

While the invention has been summarized in 5 
terms of two magnetic di poles, it will be noted that the 
invention may be implemented with additional pairs of 
appropriately positioned and mechanically balanced 
dipole assemblies. 

10 

Brief Description of the Drawings 

Fig. 1 is a drawing of an alternating magnetic field 
source according to the invention. 

Fig. 2 is a drawing of an alternating magnetic field 15 
source which contains magnetic field detectors in ac- 
cordance with the invention. 

Description of the Preferred Embodiment 

20 

The preferred embodiment of the magnetic field 
source aspect of the invention utilizes two pairs of 
counter rotating magnetic dipole assemblies as 
shown in Fig. 1. Each magnetic assembly comprises 
a cylindrical disk of magnetic material 10,12,14,16 25 
having rotatable axially positioned parallel shafts 
24,26,28,30 perpendicular to the planes of the re- 
spective disks. The median planes of the disks 
10,12,14,16 lie in a common plane, and the parallel 
shafts 24,26,28,30 are located at the corners of a 30 
quadrilateral in the common plane. The line in the 
common plane connecting the centers of the disks 
10,12 defines the longitudinal direction, 44. 

Each disk, fabricated from a magnetic material 
such as NdFeB, SmCo 5 , or BaFe magnetized in the 35 
plane of the disk so that the resultant field approxi- 
mates that of a dipole. The rotation of the disks 
10,12,14,16 are so phased that their magnetization 
vectors 18,20,22,25 are aligned and pointing in the 
longitudinal direction as shown in Fig. 1 , once per rev- 40 
olution of the disks. It will be noted for this magneti- 
zation alignment that the longitudinal fields of the 
longitudinally positioned dipoles 10,12 add directly 
along the longitudinal direction whereas, for the indi- 
cated orientations of the magnetizations 22,25 of the 45 
off-axis dipoles 14,16, the fringing fields of the di- 
poles 14,16 add to the fields of the dipoles 10,12 
along the longitudinal direction 44. 

The drive mechanism for the device is such that 
the shafts 24,26,28,30 are coupled for equal angular so 
velocity rotation of the disks 10,12,14,16 with disks 
12,14 rotating in one direction and disks 10,16 rotat- 
ing in the opposite direction. The shafts 24,26,28,30 
of the disks are coupled to drive shafts, 32,34,36,38 
connected by couplings 40,42,43,45 mechanically 55 
driven by a battery, 56, energized motor and gearing 
54, in a manner known in the art 

As described above, a substantially longitudinal 
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magnetic field, H(t), is generated by the rotating mag- 
netic disks 10,12,14,16. One cycle of magnetic field 
H(t) occurs for each complete rotation of the disks 
10,12,14,16, and the disk rotational speed is such 
that the magnetic field frequency is at least 5 Hz. 

A paddle-like container 46 having a handle 48 
contains the components of the alternating field gen- 
erator. The magnetic disks 10,12,14,16 and their as- 
sociated drive elements, shafts 24,26,28,30, drive 
shafts 32,34,36,38 couplings 40,42,43,45 motor and 
gearing 54 and battery 56 are symmetrically posi- 
tioned with respect to the center line of the handle 48, 
which is also the longitudinal direction of the field 
H(t). It will be noted that the field H(t) is parallel to the 
major planar surface 50 of the paddle 46. Thus, as the 
paddle-like container, 46, is swept about an axis per- 
pendicular to the surface 50, the direction of the field 
H(t) sweeps out a path parallel to the moving surface 
50. 

When used in a system for the detection of cur- 
rency or of other magnetic material, the uniaxial alter- 
nating magnetic f ield generated by the dipoles is ap- 
plied to the material, 65, under surveillance. Two field 
detectors 62,64, such as Hall effect detectors, are 
mounted in the hand held unit as shown in Fig. 2 along 
the longitudinal direction of the field: one, 62, remote- 
ly positioned so that it responds only to the field gen- 
erated by the rotating magnetic dipoles and the sec- 
ond, 64, positioned to respond both to the primary 
field generated by the dipoles and also to the induced 
field from the magnetic material 65 under inspection. 
The outputs from each detector 62,64 are wired by 
dual wires 71,72 to buck each other so that the pri- 
mary field contribution is cancelled, leaving the com- 
bined output of the detectors proportional to the field 
contribution of the magnetic material being surveyed. 
Using methods known in the art, this combined out- 
put signal as well as a second signal sourced directly 
from the remotely- positioned detector can be used to 
derive the hysteresis loop of the material being sur- 
veyed. For example, the induced signal from the sur- 
veyed material (i.e., the combined signal) may be ap- 
plied to the vertical plates of an oscilloscope, while 
the signal proportional to the field source itself (i.e., 
the remotely-positioned signal) drives the horizontal 
plates of the oscilloscope. This provides a visual dis- 
play of the hysteresis loop of the inspected material. 
If this detected hysteresis loop "matches" the known 
hysteresis loop of currency or other magnetic mate- 
rial to be surveyed, then positive identification of cur- 
rency or such other magnetic material can reasonably 
be inferred. 

An implementation of the invention weighed less 
than 15 lbs, and produced a field along the longitudi- 
nal axis of at least 50 Oe. at a distance of 4 inches 
from the surface 50 of the container 46. 

The invention has been described with respect to 
preferred embodiments thereof, but it will be under- 
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stood that variations and modifications can be effect- 
ed within the spirit and scope of the invention. While 
the preferred embodiment discloses a magnetic disk 
whose field approximates that of a dipole, it will be un- 
derstood that the dipole field may also be generated 
by use of a permanent bar magnet or a by a dipole 
structure comprised of stacked permanent magnets. 



Claims 

1 . A magnetic field source comprising: 

a) permanent magnet means for generating a 
magnetic field, 

b) driving means coupled to said permanent 
magnet means wherein said magnetic field 
becomes substantially uniaxial and varies in a 
sinusoidal manner. 

2. The magnetic field source of claim 1 p wherein the 
permanent magnet means comprises at least one 
pair of permanent magnetic dipoles, each of said 
dipoles having a rotational axis perpendicular to 
said dipole, said axes being parallel and said di- 
poles being co-planar,and wherein the driving 
means are designed to counter rotating said di- 
poles about said axes, said drive means being so 
coupled to said dipoles that the magnetic mo- 
ments of said dipoles are aligned collinearly at 
least once per revolution of said dipoles, whereby 
a substantially uniaxial alternating magnetic f ield 
is generated by said counter rotating dipoles. 

3. The alternating magnetic field source of Claim 2 
wherein said dipoles are configured as magnetic 
disks magnetized in the planes of said disks. 

4. The alternating magnetic field source of claims 2 
or 3 further comprising a container having a han- 
dle thereon, and wherein said counter rotating di- 
poles and said drive means are mounted in said 
container in a symmetrical relationship with re- 
spect to a plane passing through said handle and 
said container whereby said counter rotating di- 
poles and said drive means generate substantial- 
ly no gyroscopic forces at said handle when said 
container is placed into motion. 

5. The alternating magnetic field source of Claim 4 
wherein said source weighs less than 15 lbs. 

6. The magnetic field source as claimed in any of 
claims 2 to 5, wherein the permanent magnet 
means comprises a first pair and at least one ad- 
ditional pair of permanent magnetic dipoles, each 
of said dipoles having a rotational axis perpendic- 
ular to said dipole, said axes being parallel and 
said first pair of dipoles and said additional pairs 



310 A2 




of dipoles being co-planarly located within said 
container, and wherein the driving means are de- 
signed to counter rotating said first pair of dipoles 
and for counter rotating said additional pair of dh 

5 poles, said drive means being so coupled to said 

dipoles that once per revolution of said first and 
said additional pairs of dipoles, the magnetic mo- 
ments of at least said first pair of dipoles are col- 
linearly aligned pointing in the same direction and 

10 the magnetic moments of each additional pair of 

dipoles is parallel to and facing in the opposite di- 
rection as said magnetic moments of said first set 
of dipoles such that the fringing fields of each ad- 
ditional pair of dipoles add to the fields of said 

15 first set of dipoles, whereby a substantially uniax- 

ial alternating magnetic field is generated by said 
counter rotating dipoles. 

7. The alternating magnetic field source of any of 
20 precedings Claims wherein said magnetic field 

has a frequency of at least 5Hz. 

8. The alternating magnetic field source of any of 
precedings Claims wherein the magnetic field 

25 produced at a distance of 4 inches from the lead- 

ing edge surface of said container is at least 50 
Oe. 

9. The alternating magnetic field source of any of 
30 the preceding Claims wherein said alternating 

magnetic field source is part of a system for de- 
tecting the presence of magnetic material, said 
detection system further comprising a detector 
means and a measurement means whereby a 
35 hysteresis loop of nearby magnetic material can 

be detected and measured. 
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